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5 The present invention pertains to the formation of

vent M AP FREEORMRG ALUINR CONTHINING i s

al um num coRyHLIZING AMIND ARMINUMARECGURSORS oXi de
films have good el ectrical insulating properties and a

hi gh 10 dielectric constant, which renders these filns
extrenely advantageous as |layer materials in

integrated circuit desjgns, . Fo | um num

oxi de containing fil n?ggf?gr?)ll'é‘;/%ﬁggq)#ﬁ!ﬂ'?ant roles in
Fiéldrsf Iaventisad capacitor fabrication used in

m croprocessor and nenory devices. Further, as

Thetrsgsentdaventiosupertaias ta the foraption ofialvenaumRontaRing-files.
I\)ic?rg eq%‘?-H{Lﬁah nttﬁls .R\?er%%g{@?{a‘fﬁs gral xcéhﬁé%giéqrec?%ﬁnﬁu@

rolel n rrc
aiumimanoéorﬁtatnluﬁgaﬁlmé e insulator layers in MOSFET
transi stors and capacitive structures of DRAM devi ces.
In particular, recent advances in sem conductor
Fgqu%rgp RIY have shown al uni num oxi de contai ni ng filns
to be a superior material in certain critical
Mmplﬁmbxuiea‘llmsdfaveagnddnﬂegmrcal idselbtieg prapertigeandma high
FET transi st.ar t he capacitive storage, 20 nedi
%ﬁ‘AﬁPHﬁWB# Sr% TS |”r‘|esa%@msi firange 'Mﬁﬂa %Btageous aslayer
n?‘ﬁ@hél@t?ﬁ %tggl%%d crabit 8é§§ﬁ§ t FS?exéﬁa?Q}g afdmi'ﬁﬁn’ﬂé})d@e%ﬂfblmng
em cal rt ness and nechani cal rengt h roperties.
firhsiare plego® lmpqr@r&r@eallrst;ansnsf@m asdtcapacifen fabrigation used in

e efasash Aaf aveol fedfes.' Frad 3e diedidteq Rtbablice
s@ém{‘gaéllnﬁéhsmﬂmjc@ﬂtﬂueqarré@@d:@fht@ﬂfd h&icgmérr scafe, Rdsdl films are
al | oys. Deposition of A1203 has traditionally been

|lb@|démﬂla}’s$1 stuaigl retedndopming ielpetsic fllmapéa‘utuéqaggtet ingwlator layers

I | &
o TSR, PR BRARS S8 PR B Y potculr
ré¢etigdvanbadlin semiconvactodchnblogy have shown aluminum oxide
containing films to be to be a superior material in certain critical applications such
as the gate dielectric layer in MOSFET transistors and the capacitive storage

media in DRAM memory devices.

In addition to having desirable electrical properties, Al,O3 films have good
chemical inertness and mechanical strength properties. Thus, Al,O; films are also
used extensively in non-electronic circuit applications such as protective layers
on hard disk heads, integrated circuit packaging, and anti-corrosion barriers for

metal alloys.

Deposition of Al,O3 has traditionally been accomplished by means of chemical
vapor deposition (CVD) or atomic layer deposition (ALD) using various aluminum
precursors (e.g., alkyl aluminum and alkyl aluminum hydride compounds) in

conjunction with an oxygen source. In thin film deposition for semiconductor
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conjunction with an oxygen source. In thin film

deposition for sem conduct or CONFI RVATI ON COPY WD
wQod4100P8985 PCT/ | B2004/ 001642 2 fabri cati on, PAL/IB2064/001642

particul arly desirable because of the need to deposit

rabBpRianALD ishaTiniRY earRab ecass ohtH tedd o dapdSit very thin
eﬁ/%ﬁgﬂf] %&Q%"fs@és AESTRYUAtHSS éﬁhr@f@; Sé‘rﬁiddﬂ%%cfdﬂ%ewces

m num “Precursors, such as trineth
Oak ldBSSLUﬁ ;(rewx)sorsSecﬂnmng/ ysed |nC§J‘dD| inclades R\e:;trlaﬂwlalummum

PrERYEO R A {imgRiaYT SRR KLY < Soe0Biks e RN

GBRfIM, %aﬁwaa%f EIéUtf%‘Pﬁtf KRteridls, ANGRiet 1 RIpagies BOO-SKH gl1s988)
See, e.g., A. Aboaf, Journal of Electrochenical

Soci ety, VoI ume 114, pages 948-952 (1967). However

S canpoun [
Al SRR PO T 46 B Bl sty Prdcthor G oSt urinum
oXEEs Seece.gl0). fonpegf eumal of Eectaphemicd ISu’CIe:tj/ Vaolusne 114,
precursor 1s unpredictable and difficult to control

pagesaHf-063 419@711 rHowever_ thisrsareRetmshPelyResizes ggsily and thus
eﬂ?t@oefssé ke BFisBmes Seattilith faQ:ﬂffé%%@@ a@fp;%ggu,@w but

OW Vapor pressur’e results 1n eOS|t|on
Coasequently tﬂe \l'a[mrizatlom ef ﬂssbteomesm |sianredscteblemmmdlfﬁlcrult to
situatiostnere esir

cagh, APy ettt 2roMMRgatosis s dipap e deiaied as a
Jg rfor gte)‘é %gé@ltlorﬁ’ podu@m@w%%%r bi‘@s%}e rc-g‘uﬁs in low deposition

vanta assocl at'e usi ng al kyl al um num
ratesrpmlmnﬂsrmts the mseflmmssofttblsfmptammnrﬂlmtmnsj whiere kigh

PRSI EDTER59-nSBr§ D Metvaisr b F: NoRel, Appliag Prysics

LERGA Vomﬁésésppmdﬁmowmgmhere is a strong
interest in industry today to avoid such risk if

poss| ble. A 20 rel ated di sadvant age is the high

crgaieciantedabaitidel HROHTAG allh) Ay ERbaRbngEss
i*ébﬁ%or@ h@$srm Blumnifivia oxid@fiipss is that inaaylane Ipyrommmc (| e igniting
excess oxygen is present. The follown sets f

smrﬁane@usmnraair) anchhepespeasens sioniicaphsatgbt bagar ﬁ |"§/ﬂ”l?éf use.
Tﬁ% el aa%trw in %FegPM%néuéth} fR0%5 BBl s?lRfH figkaik pB8SibleZ A
related disadvantage is the high reactivity of these compounds with oxygen that
can result in the formation of powdered alumina in the vapor phase in a CVD

chamber, particularly when excess oxygen is present.

The following sets forth a list of volatile Al compounds that can potentially be

used for the various film deposition applications:

Phase at Pyrophoric or
Compound Temperature/Pressure Non-pyrophoric
AlH(Me), liquid at ~65°C/2.13 kPa pyrophoric
Al(Me); liquid at 20°C / 1.07 kPa pyrophoric
Al(Et).ClI liquid pyrophoric
Al(Et); ‘ liquid at 186°C / 101.3 kPa pyrophoric

Al(Acac); solid at 150°C / 0.13 kPa non-pyrophoric
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Conmpound Tenper at ur e/ Pressure Non-pyrophoric Al H( M) 2

liquid at -65C / 2.13 kPa pyrophoric A (Me)3 liquid
W@R00206985 1. 07 kPa pyrophoric Al (Et)2C |i quiBCT/IB2004/001642

pyrophori c 30 AI(Et)3 liquid at 186C / 101.3 kPa

Ea rélptr:mrl cg@ﬁaﬁgﬁﬁhég@%é /5 IOCB:ZE)OB?%%YK orig

cac) 3 sofPkf at 15H€ / 1.83 PA pa non- PYRAYFRHQIIC
Am- &is)s sol i dselid atsb@ﬁfm@@ kP2 non- py PBRIRYFORNOrIC
ARt-OBWPr ) 3 sol 1864E / 02X¥KkPa 0. 80 kPa non- pyrophori c

AB(Et)z(SRDBB); 156 uid @t 271 86Fa@ / 5.38 RP&t ) 3( s haBpysopharis d
at --185C / 5.33 kPa non-pyrophoric where: Me =

whetkdryl ;  Et = ethyl; 10 Qor = propoxide;, Oou =
but oxi de Acac = acetyl acetonate (2,4 pentanedionate);

tra nmet hyl hept anedi onate; and 6Facac:
nE‘; |‘oacetyl acetonate. 15 Several of the potenti al
SOrs I i sted above have sufficient volatility for

ﬁ e%gto cheﬁse in an al um num deposition process.

of these conpounds are also pyrophoric
Agae SR YAceonsia @nf PNt a@gﬂ%@ sks in their use,
Thpdr= tedr@methylheptanedienate;andenvi ronnent s. I n addition
6Facayrrepatuoriacelyladederate0 conpounds contain
al um num carbon (Al -C) bonds that are undesirable in

S of ¥ SeeplSishestsots Aol B ERE A o
eHIBcS:tg\g/ l{ﬁi‘sne% ggée#zalﬁfri:mhﬁﬁ\%&ﬂ)sﬁtﬁ)ﬂ srocutd Howdier, Rtmyurthess
compounds are also pyrophoric and present substantial safety risks in their use,
particularly in industrial environments. In addition to pyrophoricity, these
compounds contain aluminum-carbon (Al-C) bonds that are undesirable in high
dielectric insulating applications due to the potential of carbon incorporation of the
film, which in turn leads to reduced resistivity. This has obvious disadvantages in

gate dielectric and capacitor films as it leads to an increase in leakage current.

In addition, many of the remaining non-pyrophoric candidates in the above list
contain aluminum-oxygen (Al-O) bonds. These bonds are quite strong (122
kcal/mol) compared to aluminum-nitrogen (AIN) bonds (71 kcal/mol), and thus it
is quite difficult to substitute nitrogen for oxygen in a deposition process. To do
so would require an additional process step in the overall film deposition (typically
plasma nitridation). Increasing process steps decreases overall reliability, a
factor that is critical for sustaining economic competitiveness in the

semiconductor industry today.

Further use of higher energy processes, such as high temperatures or plasma,
increases processing operating costs as well and can be detrimental to the
quality of the critical gate dielectric layer of transistors in CMOS devices. Thus, it

is desirable to utilize a precursor without a strong Al-O bond to form an aluminum
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gate dielectric and capacitor filnms as it leads to an
increase in | eakage current. In addition, many of the
WO e00ai10898y non- pyrophori c candi dates in the abpvBIB2064001642
25 contai n al um num oxygen 4 Al -0) bonds. These bonds
uite stron 22 /[ mol ) canpated to
ORI A UG G3dniS bR BERRUEr PIOVERS R ASVaniage of process
turfability b8t deh %ilé i ditride Mﬁﬁfdésﬁtcﬁemléwgen for
oXygen in a deposition process. do so would
require an additional process step in the overall film

AFRBRL BB BRI LA B G40 AR HBTAI rims

sfe@Cng” Yhaéc.iSoc: Mechael., 1996, 54$866)ﬂlln§prim}tmem would appear
npetitiveness in the sem conductor i ndus'{]a%/lgt oday.

tha!imlﬁ@pm;wnsfmmf@ﬁ@o \eldrAfsOpindbeqyesenea e X'H‘f?@ﬁ
Htom‘éf alﬁférc?o?m? urld &% jas ég hér belsg&?ﬁeaﬁsrbgﬁ] temperature.

operat’i ng cos as we rimenta
Batrabf thgsefattribatesr arei mﬂlgogdtoaacbc&éﬁmtcsufor hamppor déposition
transistors in CMOS devices. Thus, it 35 is desirable
PEQFESEi | i ze a precursor wi thout a strong Al-O bond to
forman al um num WO 2004/ 108985 PCT/ |1 B2004/ 001642 4
oxi de or other film as this type of precursor
provi des the advant ngmar)pof)tmsk\vetntimbi lity between

AGedY. i aLoRBst ofaR WSS 15 lioBupbrariiA difBsiton
dee%b‘i’@r M‘nhﬂ?g 4 'f||rff‘§)f aﬁﬁﬁﬁunﬁoﬁde alum¥fifim nfifidle, or aluminum oxy-

Techno . In prlnC|pIe it would

nige: by QR naALtDwutsllzmm@@nopm@mrlcaa@mq/algnunwmzuscurr$or
t he presence of an oxidizer. However, this conmpound
exists as a diner and is solid at roon1tenperature

ItE® bRoier OBRRE ofitHd preskatinasttiorofo ;gooﬁiecﬁmaﬁM@almlnom
for a vapor deposition process.

prqw&ﬂntbﬁt axsludesohalpgens, Alr@ bPQdﬁﬁnééﬂfe%tC @Pnﬂﬁ for the

tion to provide a deposition process for
d?%‘?ﬁnﬁ% lé&i\‘é%Fm of al um num oxide, alum numnitride, or

al um num oxy- nitride by CvD or ALD utilizing a

non ari c no al ym num precursor. |t j th
g ﬁé@%{ﬁe}? e o Be BesaThRiAIOn to 6" prde PRGTROARINUM

R ncgl ﬁ?t |€Q\§;‘F¢ﬁfﬁ®;e Mtﬁta i?éﬂ‘ﬁidr'r‘?'%?edﬂﬁé&r%ﬁéculd%‘te fhdonds

incorporaﬂon of Al,Ozinto a hafnlum oxide (HfO,) film.

The aforesaid objects are achieved individually and/or in combination, and it is
not intended that the present invention be construed as requiring two or more of
the objects to be combined unless expressly required by the claims attached

hereto.
In accordance with the present invention, a method of forming an aluminum
containing film on a substrate includes: providing a precursor having the

chemical structure;

AI(NR1R2)(NR3R4)(NRsRg);
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15 deposition process. It is a further object of the

present invention to provide an am no al um num
wEemanosoes that is conpatible with a hafni um ppEDIB28GW001642

to facilitate the incorporsation of Al1203 into a

haf ni um oxi de (Hf02) film The aforesaid objects are

achieved individually and/or in conbination, and it is

wBEre@4cH 8t Ry RN, RE‘9n@'R%$§ﬁfde'p@MG€ﬁﬂlP§el@@ted from the group
construed as requiring two or nore of the objects

consigtingeigrogerand @pmlied grqup ingludirg ableashive parbna@ atoms

aﬁ%@@lﬁz{“&gthéﬁfe%hf%orgg fc?r?rf g:f?rnﬂnrb%ethﬁﬂ yﬁ)& rﬁgﬁeuﬁ rm at Iﬁaﬁt one of

allirinuroxéd s Wsiiraing nitrige uddwumrn@m gk aitader E@o:hsmhe R1-Re
havi ng the 25 chem cal structure:

greupRIRERDY esame gRgpﬁgent\demM@@g@g straight or branched alkyl
p&%éﬁ%@?%%ﬂg 4662, eﬁ?%ﬁi ‘fh@gﬁ(gl %{r g#of% R33: REGrodBR can be

penden sel ec t he rou

a straighs thaig grbuwam@ahedodnma (EHsHICHyY; avith n beirvgchtﬂgasiﬂ (e..,
precur so

|
ety PERR DY Aok AR aliKETs e kv EpT A B 6 o B Gen B
bri@hchéd %ﬁhiﬁ%ﬁﬁ'lﬁ&udlﬁp U\Wltﬁ‘éhm Iﬁ‘hlfdtioﬂe isRipFoYl UigbBHt'}ﬂ tert-butyl

oxy-nitride. Each of 5 groups can
etcane or different and can further be straight or

branched al kyl portions or noieities. For exanple,

the alkyl for any of the RL - R6 groups can be a

Pﬁéféﬁib@tthé BRdy ﬂ?ﬂftﬂﬂﬁr Béc\!h Bﬂthte"% f—ﬂg"tj?dbﬁpé ebRiditdBe more than
n being af least 1 |1% eth ropyl but
=\

fl\eet @arpon/zat@r@rsném iPagticp|arg a@r ke nrecuraﬁy hai f@sdqem ouad useful

intB IR fra SORLAG BitRs DM op B s fiS dhethigmipe.
alBnehenadl KI(NEtS;. alrkadidltildsmunsfr@tece&fdt tiog pt‘élﬁjrgﬁrs utiRﬁed in
groups contains no nore than  five carbon atons

fopmind @lumipumecoptainingrias gt s inveptiom gxclids Aa @n\do‘UrQi bonds.
useful in form ng alum num containing filns by CVD or
ALD is tris diethylam no alum num or AI(NEt2)3. In

Thel grécupsor mhay ibe useidatd ddmslttahﬁnmuawmder(mz%b films dluminum
containin e inventi.on

nié%@f @&IQB ﬂl?n%ag}%gr% URITHER @XY-N r|de (KFO N) ms. A combination of

precursors of the above formula may be used, wherein they have the same or
different structure. Preferably, only one precursor is used to deposit aluminum
nitride films or Al,O5 films. Preferably, moisture is used as a co-reagent.

Preferably, the O:N ratio is controlled for oxy-nitride films.

Although there is no oxygen in the precursor structure, an oxide or oxy-nitride film
can be generated by use of a variety of oxygen containing co-reactant vapors.
With such co-reactants, deposition of oxy or oxy-nitride films may be
accomplished by either chemical vapor deposition (CVD), or atomic layer
deposition (ALD). In either case, the precursor is first vaporized prior to entering
a reaction chamber that contains a substrate for deposition. The precursor may
be used alone or in combination with another precursor according to the
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The precursor may be used to deposit al um num oxi de
(A1203) filnms, alumnum nitride (AIN) filns, and/or
w@boonitoness oxy-nitride (Al-ON) filnms. A conbi ned /200001642
precursors of the above foréwl a may be used, wherein
or different structu

they h t .
s he 3 OGHe ) RERGUTPERGk Y e, 2ehe (o iulsiny the latter
cBLdHVBWa a?&ervagbhggrsférbrﬁeférrreﬁ]iﬁQ}'épﬁ)'slt thé’ffiﬁf\ef ably,

nol'sture |s used as a co-reagent. Preferably, the ON
ratio is controlled for oxy-nitride filnms. Al though

th
The Fodnasiort A RBER A AreSDRfis b Ruclbliiols ofZeagpnt
oﬁld}ﬁﬁg @apordhtoPtedtianeisstt Byiddacie-theaatieof oxidizerto precursor,
h such co-reactants, deposition_of_ oxy

or
tftﬁxysmpi ¢q-feagtantgharaistry @r%d%ﬁ:wﬂm We@eusheémtsﬂleﬁtowhlometry

oF o A AR BRIl Py Al pin ave o

fihé tisie ¥leROICal filth propertiéviasteichiometesy tbetmst isait tiedrapplésation.
that contains a substrate for deposition. The
precursor may be used alone or in conbination with

PBRAERiFE A5G40 IO b YL RRGHE RN mcenton

inztuedsy méthiouh binitaom, raxygks, ritrogen foxidas), f@Ogl watéerealcaholsy and
Tts i widrg oA 2perTimcbe ¢t sHHom B iZah Wil dBepd phyrpaction

céﬁ&iﬂaﬁé ' $h§@.émy|hm.ﬁ@aw.ﬁamaf&%xraﬁﬂaé aBfovidesi gboﬂ ABO; films

vapor 1 nto the chanb {/t[heducmgtheratloo
usmgdﬂ@aStthe poereat@ot m a SMher AEP prbcess.r epardigular, when

d bilit
o R et P AFB tiprae b S e g ars ggngrate
wﬁh'édr'éﬂfﬁel feinfthickhess @egefdst thah aBoabl G0 bﬁgstfd)rﬂe Theee are
el ectrical filmproperties via stoichionetr est

idagl attribetesfpr hightdielactrichaysys in sateoexide &ilms, %QSF E%s gnd
BbasiR Srufbrh ORAM BRGNS, L gen” mitrogen oxi des,

C02, water, alcohols, and 10 silanols, where the
Thésdl '@z«.ﬁsz\ua?@&ﬁsrsa%apzw' VAo Ao cess o
tr?é(BFB% %ﬂ“bﬁﬁé&%%é%trrékz%é nbht C;g)‘?o d‘gré'elzﬁbrﬂ ygen,

co- reac pro n'particula
hatida (e.gf, |chlozlneg cbrtmetabca:bamshmnd nTtwseomrchprsmemwde a great

hi ghl'y conf or nal |.ns, are. gen ted vv|t xt renel
opREH i PeLaH AL wit Mex b e ind et xido it omedis.
These are.
The above and still further objects, features and advantages of the present

invention will become apparent upon consideration of the following detailed

description of specific embodiments thereof.

Brief Description of the Drawings
Fig. 1 is a graph depicting the growth rate of an Al,Oz film utilizing tris
diethylamino aluminum in an ALD process in accordance with the present

invention.



15 ideal attributes for high dielectric |layers in gate

oxide filnms, MOSFETs and capacitive structures in
woRAMesDry. The al kyl ami no Al precursors areCT/IB2004/001642

particularly useful in the bleposi tion process of the

present inventjon hegaus n or|c

free fromany YfygERY on&eﬂér&ggr(r }mgeﬂ%

nmet a -
L

devioes suth ag integrrted cocuits, capacitars, transistopndiodes and opto-

elstbroBie 11 FHECIE, Serpic SRR BE ¢BYReS L 5RR: B4 N, BFenwood, A
E%ﬁﬁb%iad»er@ﬁérms r{_gfofftﬁ@E?é?héw Pergipien Pesks, desar ilpipattitular,

of specific enbodiments thereof. Brief Descr | ption of
redest Besancrisinzemmcgnductorteghpelagy haupishomngal HRENYR ANide

I [
o 0 LP e By i bl GBIV Bbpicaron
suélﬁfég ihe gatevdivtdctic Ia\]é} POV O'SFBR fan§isiors BAAAKe @apadifive
Description _of Preferred Enbodi nents Al um num
SW@@% i3 IPRAN MReNONLRYViIGeS-t he fabrication of
el ectronic devices such as integrated circuits,
capacitors, transistors, diodes, and opto- electronic
Iri atldisiod td \heserdesma@lﬂ:emctrm:avpmrtl&@gb(k fijms aveNgood

een od, A 5 Farnshaw, S f t El
rtsveé§sand1@sﬁhamﬁa'p§rqn% iopertios, Enis e Hlms are
a|s'?9 G é)&@ﬁ%l%l in h%ﬁthﬂé’étﬁtﬂ'){c BRvat §ﬁ;§li’&étléhé‘ SUEN Bs PrbRtive
contai ning to be the material of choice in

layers ahmacd dtskdmad@p mtegratecbascmtsmaqkagmg, aadgntiecorrosion
dleetrlc in MOSFET transistors and the

| a
b@ﬁ'ﬁiﬁ ﬁ'\’?@talﬁﬁBYSage nmedia i n DRAM nenory devi ces. 10

In addition to these desirable electrical properties,
A1203 films have good chemnical inertness and

Asgutiediabave sienasitton efrAlpQs filnessis cnmugonwmrmad@dav &ising

I ed X8 ively. i
oB e Lo HC0RY Sty BEBNGL GBI efppunds. My
ohgrfsrecurceg utiliRd aier Bropheciag hegce predsent significant hazards in
anti-corrosion barriers faqr netal
their use. Accordingly, there is a desire to allewate thé/ risks associated with such
precursors when manufacturing aluminum oxide (Al.Os) films as well as other
films, such as aluminum nitride (AIN) films and aluminum oxynitride (Al-O-N)

films.

The method of the present invention includes providing a non-pyrophoric,
halogen-free, and oxygen-free amino aluminum compound that is also free of
Al-C bonds for use as a precursor in a deposition process to yield an aluminum
oxide, aluminum nitride or aluminum oxynitride film. The non-pyrophoric attribute
of the precursor tremendously reduces safety risks associated with handling the
precursor compound, while the elimination of oxygen from the compound allows
for enhanced control of film stoichiometry and hence adaptability of the film
properties to the specific application. The absence of Al-C bonds minimizes the

risk of carbon incorporation in the film, which in turn lowers film resistivity and
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15 As noted above, deposition of A1203 filns is
comonly perfornmed today using precursors such as
wa@bdoyhosasum num or al kyl al um num hydri de conpepemmBR004/001642
Many of the precursors utidized are pyrophoric and
hence present  si nlflcant a S in. their use.
decieases Rigtyical Reriamance oraberelatiel hia AREet R Fsuiater
iated with such precursors when nmanufacturing
al um num oxi de (A1203) filns as well as other 20
films, such as alumnumnitride (AIN) filns and

A AR S By o R 6 e

sisaémqa ingrfR clEtbexfis ek buro@@s@ah welledsito prtwenbmeound
that is also free of Al-C bonds for use

inepensuiatiert of halagerp within be fwﬁcr@é@g farmeg. eﬁ:‘éf %zferamlarﬂfmm
pé@@ﬁ?é f}ﬁghlﬁhH@ﬁ Hgﬂrﬁbﬁr{sbps %ch{B {F\lé%ﬂﬁwbﬁ bt Q%hlorlde film in

on- oric a recur

tHer e prbalust. yFﬂﬁldetc halmﬁetaje de&rkﬁelataswbeat(mboaeﬁhn hlgh k
handl 1 ng the precursor conpound, while

diglaciiigHiMmobeeauss gy serveRs 'P\%rgééf?&ﬂﬂﬂjs';??eaﬂg cap sjgnificantly
regﬁé}@'?ﬁggllm‘eﬂ ?Jro;ﬁém%:é bfthd @hchi onetry and hence

apt abi II'mproperties to the specific
applicati on The absence of Al -C bonds mnimzes the

it ekorsairaSEi Al Pedrennor tredisois Hashicdhamspct tolse i
t@ﬁédm@%%%m& Qﬁgﬁﬂ%@éu@b?@éﬁ bead elivefddto®Rpescess

the relatively high dielectric insulator nmaterial.
chambeitiint ameasienenpieseansisient and:contedliedpagnerdnagsmparison to a

<Y LB i8R 5o 3P BRLTLARVBI aiminte o

difft Mg amd Irfé@n@%téiﬁ%cﬂté@ withtdublifridtionlafithg precursor
formed. For exanple, presence of chlorine in a

dprieg theseV DeeuAkD) re'aaes% lnrasidlt&mﬁl@e BreCHIrsey Ripfesablydhas
sndfgf:(,@nheolfa{ r@ V\ﬁ %‘ﬂo Irfgggéée rchﬂ@%nt&&%&?% (?1{ egursor vapor in

tﬂlﬁ@@b&ﬁldmgmc@sgve as charge trappi ng sites and can
significantly . reduce the electrical properties of the

film 10 It is also preferable that the chem cal

R%'bgﬁﬂﬂ?ﬁﬂérei fad Bed QHiir.‘i’cregé‘éc?rﬁéﬂegf intiRc&Pratihg AE@;; mto a
€posi'tion process, since a l'iquid precursor can
hdfrliumenxate (HfCa) filnnc&has, compatibility of the amino alumlnum precursor
with a hafnium precursor is also preferable. An example application where this
would be particularly useful is in the deposition of gate dielectric films CMOS
devices, where a hafnium aluminate film composition provides desirable electrical

properties.

In accordance with the present invention, a general class of amino aluminum
precursors that meet the above criteria are alkyl amino aluminum compounds of

the following chemical structure:

AI(NR1R2)(NR3R4)(NRsRs);
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chanber in an easier, nore consistent and controlled
manner in conparison to a solid precursor. Further,

wW@midosegs t he use of a solid precursor woul d eP@TiB2AG4001642
the di ffi culties and i nconsi st enci es associated with

Wit 886 Of P ifaifts &, Re MBOGRiz dndaierppaiy SelBefpehliam he group
c§H§ Eflrm Sf‘lt\ydfebé‘ﬁ 'a'nUtéh élRyIerbQﬁV ifcNiding o st twho carbon atoms.

rat1on-doses of precursor vapor I n
Eaep@sﬁrthe Rm —Regrsips medenthieysamaer diffesentrnchcam further be

k hf nggéfﬁYﬁ)E?Hﬁqgcor or 'Ie'sn%,siﬁ}?ﬁ%d%@e%*"%' for any of

trﬁéTRl{‘Q R g'r'iﬂu?'s! 'Baﬁfbié?é' %ﬁ'ﬁrght aﬁaw drbu? haging th@f@frﬁ@luf(wz)nCHa,,
is al so erab exanp ﬁ i cati on where

witbut bieipg q@éﬁeastddleag l 9thyb@rrgn>yh kutyh etk %%@tlveldntf@ralkyl for
aff§ -t Bhh e & blanE e G Rey ey, Suoliefilutin,

iSOpesyiy,| |sélbutyp tenputyl sstc. ITh@pnanud@o‘rmmﬁthhet nelytteeslestraight
i nvention, general c|ass of ?m no alumn

Cb@'@cﬁ!k)@@@“ﬁ%eﬁ” braeehachenaiB &l BFQURSy PACR "}ﬁ%wﬁ thereof.

am no al um num conpounds of the follow ng cheni cal
structure: AI(N RL R2) (N R3R4) (N R5R6); WD 2004/ 108985
TH@BréﬁH@G#hﬁ?W@sethoM@cslteN@@&oﬁlNRjr AIFR2-N ABns.RA carabination

d R6 d d | ected f
of Breshinara gt Hie Roave Garmisabe Gictdradied fiuised hittaisagha
pFé‘cﬁ‘ﬁ% rtwé% ha' e 8F ifferenti=deRtRE dshddr moh® ofHe? Hh6cursors.

can be the sane or different and can further be
Psefesalyit moisturedhe h adter) is/usgrbas acesreagenbinethe; depostien

I h l kyl f f. h - F '
PERCERS, raleniol oy 0B R RBY g Ko Tpaalal R e fims
of AHD, T3, Prafdribl), BRi ON aidtid isadhtrdlié® fdF-oxysiitiide films.

propyl, butyl, etc.). Alternatively, the alkyl for

any R1_6 group can be a branched chain group

PrErainfe At is sy 3on thA G dfcctib RERKEK iy pteast
abbued g Preferdtsly rthalAly0; finvisdaposited sueh clmdhe leahduectivitylis no
groups, or combisnations th reof . 10 T ur sor

gfﬁatagmntap%aes./vcmﬁé PRS- dMorg p@ & ¢ canductlviy is no
ch?JfEt {h‘%' &Mout D 7%@&\”%‘%\/\%&//@% t@fer?ﬁfb\‘@ p?é\%iﬂtﬂ?' the conductivity

ure nmay be use
is no greater than about 10 A/lcm;, at 1MV/cm. The preferred deposition process

is preferably CVD or ALD. Most preferably, ALD is used to form the film.

The precursor compounds defined by the above chemical structure have many
desirable features including, without limitation, they are non-pyrophoric, they
have suitable vapor pressures, they exist under certain conditions as liquids at
ambient conditions (e.g., diethylamino precursor compounds), they are non-
halogenated, and they have no AI-O or Al-C bonds. Further, these precursor
compounds are easy to synthesize, are stable in inert atmospheres and are
suitable for co-deposition with other precursor compounds (e.g., hafnium

precursors) that have common ligands.
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precursor has the sanme or different structure as one

or nore other precursors. Preferably, noisture (i.e
wowioen)soss used as a co-reagent in the deposi tPONIB2004/001642

process. Preferably, only otme precursor is used to

R4 PSR A4 A Bty BIB0 Rty usetuor

VDY oniALD d@dSIti(mSof AROsfiisil tiis didtRyl&dRA3 afurhifuh® or AI(NEL,)s.
‘fl osited su h that t he di eI ectrlc constant is at
lérgmum aKiggtfi @S thathavedgsn forme A@mtms Fampgund are of very

SIS SRS Sl c Py an

iscpartiogtarly isuited $onmap-depesitiar with emgatbcmdldémafhlm cpr@cm‘soﬂtetrakis
more._prefera t nductivit Olsn
ity R e P esmpaidin olfers T adiantags of Mixing the two

S odOPSL i B RO Y B s

byHeprecuers inclugenthesaae ﬂgamdbeWhmh inHerrafaciitatel diné cal

. esi,r efeat. s i ncl udi.ng,
RRTSRHER of BB o dE e e Goie I pldvide € lf currenty
ehvigionedi etsadv batemaprutmeeg@@ fn%ienélfT@V s@% 99tnrH¥dQlces,
certain conditions as I1quids at 25 anbient conditions

Fughgrmorg;, épﬂl/'lea’ﬁkﬁdilgﬂwtam@@rhaémﬁb@mmyps diethwjamine aluminum
Eu(? tsw‘i‘i?ir%ﬁﬂf‘é?e%su ?Jé%ﬁﬂﬁ*a&ﬂt\é?esng% égpé)s@ég @lf {rzc)é Rads.

precursor  ‘compoun
pecordmrsi ze, are stable in inert atnospheres and are
sui table for co-deposition with other precursor
compounds (e.g., hafnium precursors) that have comon

4
g F g e Y
ccpmtetntlooah@v{]) arsAlfdiprécess. Cvests tWativerepasriduictsd, efepositions of
ARPETEDS JSTE aRigYpHI TSR 7 N RN, AbuniBuE AR ifsd-
isBprIEYIdrhin® AOMRRIM dsPrecisoMAkith I-EOQ& S‘t':%l feb¥tant th an ALD

addi tion, this precursor has good chem cal
deppgitian qu0|86§ 0 eachptbaess stheateliveryl efrprecsisor addfoorreactant

BB S AHOLHRBL B Shne ot
tepiperaturé o€ aBOVETROXDR Phe MoidtOEe piNSes Were ﬁ’rﬁtﬁfdﬂc‘é@rcﬁrectly into

t oget her wi t hout concern about undesirabl e gﬂ
th@iﬂ%&@ﬂ(@aﬁ@é bypaeanseka apgumatic rvaIV@dwetm@g reeshort time

o] 836 (4L Sikfnd ol GEAEL P53k TS BURGESSY rep wer
introduesd Info the reactor as a diluted mixture of precursor vapor and carrier gas
flow. The carrier gas was argon for all of the tests conducted. The concentration
of precursor vapor in this mixture was controlled by the vapor pressure of the
precursor and carrier gas pressure. In the tests, the carrier gas pressure was
typically about a few torr (a few hundred Pa) or less and was flowed over the
precursor source material at about 100 standard cubic centimeters (sccm).

For tests conducted utilizing tris diethylamino aluminum as the precursor, process

conditions were set as follows:
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10 envisioned as a potential future gate material for

sub 90 nm devices. Furthernore, both tetrakis
walc@ithydeasri no haf nium and tris di et hyl am no al POT/IB20V4/001642

have sim | ar vapor pressurdas which facilitates

co- deposi tion of tg t, precursors. The precursors
Pegcurs ?'@Q@Fﬁ Uihv ﬁ?l gﬁ can be deposited utilizing

SRB¥trafe F ,@nﬁbo@\f@ or ALD process. In tests that
were con cte depositions of AlI203 filns were

AbEnPelseSamiengefpecyalé)s di et BPUEeE no aP$ECANES and
tris di- isopropylamno alum gu S pre W th
- DU pos ¢ PSRCRIBR

H20 as a co-reactant in an AL posi ti ess.

each process, the delivery of Myistarsd sor 0@ seconds

co-reactant into the reactor was acconpli shed

utilizing a manifold that wasPHES&t ai ned0 sgcoad9o
tenperature of about 120C. The noi sture pul ses were

introduced directly into the deposition reactor by
Treassultihg filrp vessnariformviahmed aiizing ghé tris diethytarinio aleminum

and al |l owi ng, pure sture vapol. tq enter,t reac
PIERIrSRT 1AM N RREICY \ax%r«‘entamr Alioduithet wethfﬁ%‘ QFQ&'E'B inetics
was § Soshved b dlindaliat a%foupbercwtﬁ.eknéfs%ogér Pl €416 12Hd exhibited

e carrier gas was argon for all of
sélé—sUstauung igoovetth. wilth prexonsenul se durat@ﬁ fofm drteduseeond duration.

t trol
TheElta plbtisd 7480 SEARLEoTER, T 3RnELPS Perthyser oy Bgpendence on
frlnﬁ‘ thiBnds3dra sllieBn GRbsirafe @RferARE EBHAIEONE Set foYthi Fdviey
about a fewtorr (a few hundred Pa) or | ess and was

fl onwed over the precursor source material at about

ot BRGRele LB ip8 TN 4R Eloky Rl fiurh 85 g ppgqursor

PP RSB itioPs Wer@ et 38 folflswl:t i ons were set as fol | ows:
WD 2004/ 108985 PCT/ | B2004/ 001642 11 Precursor

Tenperature = 115 C Substrate Tenperature = 300 C ALD

RSP ERBRRH e oL Chonds Purge 10 seconds o
Substrate Temperature = 300 °C
ALD Pulse Sequence (per cycle): Source 4 seconds
Purge 8 seconds
Moisture 0.8 seconds

Purge 12 seconds

The tests indicate that the tris di-isopropylamino aluminum precursor also
deposits a uniform film in an ALD process. In this case, a film of about 150 A
thickness was formed after 150 cycles of reagent pulses (i.e., showing linear

growth kinetics at about 1 A film thickness per pulse cycle).

As noted above, the alkylamino aluminum precursors of the present invention can
also be used in deposition of Al,O3, AIN and Al-O-N films.

While it is known to utilize tris dimethylamino aluminum (Al(NMet;)s) compounds
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The resulting filmwas uniformfornmed utilizing the

tris diethylam no al um num precursor showed no
w@anoiilesodat e contam nation. Further, the fil merDmno4/001642

ki netics was observed to b2z |inear at about 0.7 A

t hi ckness per pul s cl e and ited. 10.

hi . .
ag precuss4P ey AN Sk, Herhags Y el using higher glky!l amino
agjﬁg}%ﬂwoéd?@omﬂdaééw Ac@With tHeSprdakat ifﬁb@ﬁl‘i&g(étﬁhta@diethyl

g. 1 shows the precursor cycle dependence
oohightr brartdhiedlarestraigit cartsan chiain asnibe @lum@uom dempprsds), rather

condi t.i ons .set faorth above. For_tests co cte .
AR MEYRETRG SN ERBEgInAR o BRmPTR LTl amino
aRINFAUASESMpoli AL &2 e§9Bdsdd ptibfe (RS d&dradatid®by oligombdization.
Precursor Tenperature = 80 C Substrate Tenperature =

Theoligomenz@ions degragatinn ds a veall knawreprobigmmieh magy dupreisof
obidaff MRt A S Ry Phd ikretRe nivoger

atiim bnane Qﬁh@@f BAe dhaolatule fomne an reiditionlbs bond épesaction o the
uniformfilmin an ALD process. In this case, a film

mgttalgf anotheso This undeskablesPraaess eaba PieYeHed of lipyiteddy

. o . Li .
ol 5P L NSing e ROl S50l HERYE meta s o
0dé cémpuunddrarh @netherhd haisk {Heautilizatian ofrhigher ptkyt grasmssn the
a@& t he I[:l)resent i nventi on ca al so P

LImIBR RPCuERL SomAPRN GG ATafs SRt SRy the cpmpounds
* i et hyl am L um
d{?fl'ﬂ?é Nﬂkiteeé’%‘){'d'%ﬁ%%ﬁg's VO 2004/ 108985
PCT/ 1 B2004/ 001642 12 as precursors to formAIN fil s,
there are advant ages, in using higher alkyl amino . .
Agpliiar a0 ARBGs BN thelatdr Al amie gTauRs siittieia diethyl amino
coMpBlhH FtHas Usikasméthgt ivino QUntih@Relonisdmezethay of the higher

strai ght carbon chai n’am no al um num conpounds), =
alkyt algmingmzaempaungds existras liguids waderaRRsekiRlS Preeessing

oFRAIBAS P B B AL S OB Bver

tHd d@soBtidrz &ol. OWhile TStivenits eantel Fsdid tordiskgveadalidsoto fosmaiquid
wel | known problemw th manfy types of

solutions in order to control delivery of the ‘precursor, the use of such solvents

increases the risk of solvent reaction in the process and ultimately leading to

carbon contamination in the film and/or variability of available oxidizer needed to

form the film.

A further advantage of providing larger alkyl groups, such as diethyl, isopropyl
and/or isobutyl amino type ligands, in the precursor is that such compounds
facilitate the formation of stable byproducts (e.g., ethylene, isopropylene, t-
butylene, etc.) during film deposition. This offers deposition chemistries in thermal
oxidization or a pyrolytic type film deposition mechanisms that can be initiated
under less severe process conditions such as lower temperatures, the utilization
of milder oxidizers, etc., which is advantageous in terms of process costs,
material requirements, and process reliability.



organonetal I i ¢ conmpounds and occurs via bridge

bondi ng, where the nitrogen atomon the |ligand of one
worpdogacdses f or ns an addi ti onal bond i nteracti onP¢DIBR2064/001642

nmetal of another. This undasirable process can be

R o e
amieo ciumpuma pfeclmrsmpit iEBbeheVedSthat dtbenmddifications, wiriations and

hi gher Lgél groups n the alunlnun1precursor
cBangannabberEResiBRdatussild ripo s m%ewaw@tmhlngs set
f@r’i‘lﬁ 'hBi-Elm{w1 ﬁ] |g?lﬁ’é’r%fdri998 b@r&ib%?ﬁooé\@ﬁétrﬁfs%"\?d} a"ﬁgﬁs oldlflcatlons
using t arger a am no groups such as a
andli changes arevbpbev&d tosfatl twdthjn thed scbcg)etmftthglpresenmnventlon as
Iun1nu conpou ny of the higher alkyl alum num
Hﬁﬁﬂﬁwgbe HBQFEQ§CFWH§1dS under appropriate
processi ng conditions and are thus easier to contro
and provide nore consistent delivery to the
deposition tool. While solvents can be used to
di ssolve solids to formliquid solutions in order to
control delivery of the precursor, the use of such
solvents 20 increases the risk of solvent reaction in
the process and ultimately |l eading to carbon
contamnation in the filmand/or variability of
avai | abl e oxi di zer needed to formthe film A further
advant age of providing | arger al kyl groups, such as
di et hyl, isopropyl 25 and/or isobutyl am no type
ligands, in the precursor is that such conpounds
facilitate the formation of stable byproducts (e.g.,
et hyl ene, isopropylene, t- butylene, etc.) during film
deposition. This offers deposition chemstries in
thermal oxidization or a pyrolytic type film
deposi tion nmechani sns that can be initiated under
| ess severe process conditions such as | ower
tenperatures, the utilization 30 of m | der oxidizers,
etc., which is advantageous in terns of process costs,
mat eri al requirenents, and process reliability. WO
2004/ 108985 PCT/ 1 B2004/ 001642 13 Havi ng descri bed
novel mnethods for form ng al um num containing filns
utilizing amno alum num precursors, it is believed
that other nodifications, variations and changes wl|
be suggested to those skilled in the art in view of
the teachi ngs set
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forth herein. It is therefore to be understood that
all such variations, nodifications 5 and changes are

wheluavwesto fall within the scope of the preseait/iB2004/001642

invention as defined by the appended clains. WO

2004/ 108985 PCT/1B2004/001642 14 dCainms 1. A nethod
fMPrmi ng an al umi num containing filmon a substrate
conprising: providing a precursor having the chem cal

structure: Al (NRL R2)(NR3R4?(I\_IR5R6); 5 wherein each

of R1, R2A methahof flepnmgdamreluminumecadiaping film on rustrate

and i s independently selected fromthe group

COBIEISMY ng of hydrogen and an al kyl group including

at | pas¥iding® FRICRASDralavIfy tharshemicali stiuegurehe precur sor
to forma filmon the substrate including at | east one

of al umi num oxiANR&2NRaR(NRsRetie and al umi num

oxy-ni.trjde 0 e h | a ' :

al kyp"hgelr %ﬂpeqc%’c?fﬁ%bs 2h B3 :‘f’ggs ﬁwdaﬁsg ti(ﬁ‘e(]:sgr O%F gl orﬁ%&eand 'S

irfdepEnelentty Belkctidd fbmi thie rowh eorsistiridief ydroges and an alkyl group
rises tris diethylamno alumnum 4. The nethod

_conp

'Qﬁ'ud.ir‘ﬁiaﬁe_lﬁsﬁm%lc@ft??rt_ ms:eRfi s for med on the

su bshgiﬁiiﬁg tHe PF@’CJP&S‘%‘ ¥h38im LR orf PSSt fe irfe dTﬁ§ at least one
od of “claim1, n T he

met h V\herelnthefllmlsforrreduo
of ahshinatreoxitg, aluovinuemIinityide athepalgiminuwmn oxg-nitride. nmet hod
of claimb5, wherein the thickness of the filmforned
on the substrate by atom c |ayer deposition is no

greater thag ABMId JGaifISVAEEN the2dkyl-grotip indudesinemore

claim1, further conprising: conbining a co-reactant
tivin hixtdasben atams.or to formthe film 8. The nethod of
claim7, wherein the co-reactant is selected fromthe
group consisting of water, oxygen, nitrogen oxide,

carb@) di pHed@ettdcsidaim 1, wherein the precursor comprises tris

diethylamino aluminum.

4. The method of claim 1, wherein the film is formed on the substrate

by chemical vapor deposition.

5. The method of claim 1, wherein the film is formed on the substrate

by atomic layer deposition.

6. The method of claim 5, wherein the thickness of the film formed on

the substrate by atomic layer deposition is no greater than about 100 angstroms.

7. The method of claim 1, further comprising:

combining a co-reactant with the precursor to form the film.

8. The method of claim 7, wherein the co-reactant is selected from the
group consisting of water, oxygen, nitrogen oxide, carbon dioxide, alcohoal,

silanol, and combinations thereof.



silanol, and conbi nati ons thereof. WO 2004/ 108985
PCT/ | B2004/ 001642 15 9. The nmet hod of claim 1,
wao pooshesvsconpri sing: form ng an el ectroni c devPCEIB2004/001642
utilizing the substrate inasuding the film formed on
the substrate. 10. The nmethod of claim9, wherein the
el ectronic device includes a 5 dielectric |ayer

conpyi si NghkhRefhiodBficiires f@ﬂhéh@orﬁ?ﬁé‘lh gate. 11 The
met hod of claim9, wherein the electronic devic

i ncl fmrm;ng ansetlmtecguc devica utilizisg the ﬁpb$t§atﬁgn@|ldéln9| thenfilm
f‘%ﬁ%‘ﬁ r\btléatibstrate 12. The nethod of claiml,
P engu ¥ EtUrsor is co-deposited with a second
precursor to forma filmincluding at |east one of
al um num oxi de, alumnumnitride, and alumn

oxy- APt ri dbe rmgthowimf Glirmdavigredn ﬁ\%'@?tm%é’leéﬂcﬁ ipgludes a
| th
REGHE e ST i ot Bl | RE"Bsfiater, T, 1€

hafnium and the fi I m i ncl udes al um num oxi de and
haf ni um oxi de
The method of claim 9, wherein the electronic device includes a

storage media layer comprising the film formed on the substrate.

12.  The method of claim 1, wherein the precursor is co-deposited with a
second precursor to form a film including at least one of aluminum oxide,

aluminum nitride, and aluminum oxy-nitride.

13. The méthod of claim 12, wherein the precursor comprises tris
diethylamino aluminum, the second precursor comprises tetrakis diethylamino

hafnium, and the film includes aluminum oxide and hafnium oxide.



